Superoxide-scavenging activities of 60 kinds of Chinese herbal medicines were determined accurately by an electron spin resonance (ESR) spin-trapping technique using 5,5-dimethyl-1-pyrroline 1-oxide (DMPO) as a spin-trapping reagent. As a source of superoxide in this method, superoxide generated by one-electron reduction of the oxygen molecule in dimethyl sulfoxide solution was used. As a result of these studies, very powerful scavenging activity was found in Chinese medicines for in‰ammation, diseases of blood circulation and for tumors.
INTRODUCTION
It is well known that reactive oxygen species are closely involved with various pathological events such as aging, 1, 2) cancer, 3) in‰ammation, 4) and certain diseases on blood circulation. 5) Many researchers have therefore shown that the intake of natural antioxidants results in a reduction in the risk from these diseases. 6 ) From this viewpoint, traditional Chinese medicines have attracted special interest as a natural antioxidant source. 7) Superoxide (O -2 ) is theˆrst reactive oxygen radical produced by one-electron reduction of molecular oxygen in metabolism processes and the source of other radicals. Therefore, it is very important to examine the O -2 scavenging ability of antioxidants. Recently, hypoxanthine-xanthin oxidase (HPX-XOD) has widely been used as a O -2 source for evaluating O -2 scavenging abilities of antioxidants by using the ESR technique. 8) Ohsugi et al. examined the O -2 scavenging activities of 70 kinds of traditional Chinese herbal medicines by this method and reported very important results. 7) However, this HPX-XOD method has the following problem. When the test sample contains an XOD inhibitor, in the HPX-XOD system the ESR signal intensity of the spin adduct (DMPO-O -2 or DMPO-OOH) is decreased not only by the reaction of the sample of interest with O -2 but also by inhibition of XOD. As a result, the O -2 scavenging ability of a sample containing an XOD inhibitor is overestimated. 9, 10) Some researchers have reported the XOD inhibition by some ‰avonoids, which are often contained in plants. 11) Therefore, XOD inhibition is a factor that can not be ignored in evaluating the O -2 scavenging activities of Chinese herbal medicines. In fact, our preliminary experiments showed XOD inhibition for the major Chinese herbal medicines.
As described in the literature, 12) scavenging activities of 60 kinds of Chinese medicines, which have already been shown to be eŠective for anti-aging, diminishing in‰ammation, and promoting blood circulation and have anti-tumor properties, according to pharmacology and the traditional clinical applications. 13) 
EXPERIMENTS

Materials
Dried Chinese medicines examined in this study were identiˆed and supplied by Zhejiang Drug Administration (China). The Latin names of these Chinese medicines and their original plants are Preparation of samples and superoxide solution A dried sample (0.2 g) was broken to small pieces and steeped in 8 ml PBS for 30 min, then homogenized at 13000 rpm for 4 min with Nissei Biomixer (Nihon Seiki Kaisha, Ltd., Japan). These conditions were determined by a series of trial experiments for the extractability (unpublished data). The suspended solutions of Chinese medicines were separated at 6000 rpm for 6 min with KUBOTA 1025 mini centrifuge (Sigma, Laborzentrifugen, Germany).
Each supernatant was diluted with PBS to suitable concentrations for ESR analysis. Three milliliters of original supernatant of each medicine was evaporated under reduced pressure below 50°C. The obtained solid was weighed to calculate the extract yield of each sample. All treatments, except for the experiments for extract yields, were performed at room temperature (about 25°C).
Reˆned DMSO was prepared by drying with Molecular Sieves 4A for one day and distillation at 60°C and 7 mmHg. Supporting electrolyte solution was prepared with 0.05 M Bu 4 NBF 4 and the newly reˆned DMSO in an electrolysis cell of 8 ml volume. When oxygen gas was bubbled into the DMSO solution, O -2 could be generated by electrode reaction using three electrodes. Silver wire, platinum wire, and glassy carbon (GC10) disc electrodes were used as the reference electrode, counter electrode, and working electrode, respectively. In order to get quantitative results, controlled potential electrolysis was carried out at -1.2 V vs. silver electrode for about 10 min with potentiostat/galvanostat HA-211 (Hokuto Electron- a) The activities are given as the average of triplicate measurements. b) According to the traditional Chinese medicinal dictionary 13) , functions of these medicines can be indicated as follows: I：anti-aging, II ： diminishing in‰am-mation, III ： promoting blood circulation, IV: anti-tumor. c) Not detected. Vol. 121 (2001) ics Industry Co., Japan), which was controlled accurately by monitoring the amount of electricity. The concentration of superoxide in DMSO solution amounted to 0.14 mM, which was obtained from nitro blue tetrazolium (NBT) test 14) by measuring the absorption at 520 nm. The generated O -2 solution was used within 30 minutes.
ESR measurements
In a test tube, 200 ml of SOD solution or extract solution of Chinese medicine and 20 ml of 9.2 M DMPO were mixed, then 200 ml of the mixed solution was mixed with 40 ml of the DMSO solution of superoxide using a home-made mixing apparatus, which made it possible to inject two kinds of solution into a test tube simultaneously. The mixture was transferred to an ESR analyzing capillary, which was then inserted into the cavity of a JES-FR30 free radical monitor (X-band ESR spectrometer, JEOL Co. Ltd., Japan). Thirtyˆve seconds after mixing, ESR measurement of the DMPO-OOH signal at the lowestˆeld was started and this signal was recorded at 15 s intervals for a total ofˆve times at 25°C. The microwave power was 4 mW, the magneticˆeld 336.4 ±5 mT, the sweep time 2 min, the modulation amplitude 0.1 mT (100 kHz), and the time constant 0.1 s. After recording the ESR spectra, the signal intensity of DMPO-OOH at the lowest magneticˆeld was normalized as a relative height against the internal standard signal (g＝2.033) of Mn(II) doped in MgO.
RESULTS AND DISCUSSION ESR spin-trapping
In the ESR spin trapping, the generated O -2 was trapped by DMPO to form the spin adduct, DMPO-O -2 or DMPO-OOH, which showed the ESR signal in Fig. 1a . When the extract solution of Chinese medicine or SOD solution was added to the system, the signal intensity of DMPO-OOH decreased (shown in Fig. 1b for 0 .032 mg/ml Salviae miltiorrhizae radix as an example) with an increase in the extract or SOD concentration, because of the competition reaction between DMPO and the scavengers. The competition reaction is illustrated in Fig. 2 . In general, Eq. (1) is valid for SOD and also other scavengers. 15) I
(1) I 0 and I indicate DMPO-OOH signal intensities in the absence and the presence of SOD or scavenger, respectively, and k scav and k DMPO represent the second order rate constant for the reaction of scavenger and DMPO with superoxide, respectively.
It was found that the signal intensity of DMPO-OOH itself decreased according to the rate equation of aˆrst order reaction, expressed by I t＝t ＝I t＝0 exp (-kt ), where I t＝t is the relative intensity of the signal for DMPO-OOH against the intensity of the Mn(II) marker at time (t )＝t, I t＝0 the relative intensity of DMPO-OOH at time (t )＝0, k theˆrst order rate constant. In general, the decrease of DMPO-OOH is due to the instability of DMPO-OOH itself. The value of k was found to be about 1.2×10
in the control solution. In addition, this decrease is accelerated if the test solution contains a reducing substance such as ascorbic acid. Therefore, in order to avoid this disturbance, I t＝0 was calculated as the comparable signal intensities of control buŠer solution (I 0 ) or scavenger samples (I). The relationship between the I 0 /I-1 value and the sample concentration could be expressed by the linear relationship curve as given in Eq. (1) .
In this study, we express the O It has been shown that SOD does not inhibit XOD in the HPX-XOD system. 15) To compare the two superoxide-generating systems, the calibration curve of SOD was also established in the HPX-XOD system containing DMSO. As expected, the rate constant of SOD obtained in the two systems remained constant. This fact conˆrmed the reliability of this electrolytically generated superoxide system.
Superoxide scavenging activity of Chinese medicines
The SOD-like activity of the sample can be determined by substituting the I 0 /I-1 value of the sample into Eq.(2) SOD calibration curve. The results are indicated in Table 1 , where the values of SOD-like activity against one gram weight of dried original medicine are presented and are arranged in order value of activity.
In Table 1 , extract yields are also given. Since Chinese medicines showed quite diŠerent yields of extracts, there is the question of whether or not the extract amounts played a crucial role in O -2 scavenging. The answer can be read easily from Table 1 , that is, the scavenging activity did not always increase with an increase in extract yields. Therefore, it is thought that the crucial factor deciding the O -2 scavenging activity is more based on the components in Chinese medicines rather than the extract amount.
The eŠect of DMSO on the O Table  1 . From this result, it is thought that the O -2 scavenging ability obtained using the electrolytically generated superoxide system represents the real value.
The Chinese medicines tested here were classiˆed into four types from clinical eŠects; medicines for aging, in‰ammation, diseases of blood circulation, and tumors as given in Table 1 . From the SOD-like activities, we found that among the 60 kinds of medicines, the one with the most powerful superoxide scavenging activity is Rhei rhizoma exsiccata, which is a medicine promoting blood circulation. The anti-tumor medicines, Salviae miltiorrhizae radix and Rabdosiae macrocalyx radix, occupy the second and third positions in terms of order of superoxide scavenging activities, respectively. Among the ten medicines with the most powerful superoxide scavenging activity, anti-tumor medicines are represented four times. Furthermore, the medicines for aging are also represented four times, but their general eŠectiveness is not stronger than the former tumor medicines. These results showed that there might be a relation between the superoxide scavenging activity of Chinese medicine and its function. As reported in recent literature, the assimilation and metabolism of natural substances such as food, 16) vitamin E, 17) quercetin 18) and ‰avo-noids, 19, 20) play a key role in the actual physiological events. Therefore, in order to conˆrm the relationship between the superoxide scavenging activity of Chinese medicine and its function, it is necessary to investigate the assimilation and metabolism of the components of Chinese medicines, and this is a subject of future research.
Finally, this research provides accurate data on the O -2 scavenging activity of traditional Chinese medicines. We expect that traditional Chinese medicines, especially those for in‰ammation, diseases of blood circulation and tumors, will become a potential source of excellent antioxidants.
